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Abstract 
Rasouli & Timmermans1 suggested a model of travel episode satisfaction that includes the degree and nature of multitasking, 
activity envelope, transport mode, travel party, duration and a set of contextual and socio-economic variables. In this sequel, the 
focus of attention shifts to the analysis of unobserved heterogeneity in the satisfaction ratings. To that end, some variables 
included in the original model are randomized, assuming normal distributed random effects The model is estimated using data of 
a sample of respondents, who judged their satisfaction of every travel episode they experienced during a multi-week data 
collection effort. GPS devices were used to record their travel and impute activity and travel episodes. A Web-based prompted 
recall instrument was used to verify and if needed rectify the imputed activity-travel agendas, provide information about the 
degree and nature of multitasking behavior whilst travelling, and judge the degree of satisfaction associated with the travel 
episodes. Results of the random parameters regression model evidence a substantial amount of unobserved heterogeneity in the 
travel episode satisfaction ratings. 
© 2014 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Eindhoven University of Technology, Faculty of the Built Environment, Urban Planning 
Group.
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1. Introduction 
The use of GPS devices and other new technology in collecting travel data has rapidly expanded over the last decade 
across the world. As evidenced by a collection of field study reports, brought together in Rasouli & Timmermans2,
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the use of such modern technology has been primary driven by rapidly falling response rates in traditional travel 
surveys. Expectations are high that GPS devices and GPS-enabled smart phones can reduce respondent burden, and 
therefore partially or fully replace traditional travel surveys. The ideal is a fully-automated GPS or smart phone 
study, in which respondents simply agree to participate and carry the device, while their positional data are 
automatically uploaded to a server to impute a full activity-travel diary, which can then be used to develop activity-
based models of travel demand (Rasouli & Timmermans3).
The question about the realism of this expectation in the near future is beyond this paper. Regardless of the 
answer, however, the use of GPS devices may have some inherent advantages, even though respondent burden is not 
necessarily reduced and consequently response rates are not necessarily improved. What comes to one’s mind in this 
context are studies that require a relatively high degree of accuracy that cannot be provided by conventional paper 
and pencil travel surveys. Although not perfect, the accuracy of GPS devices in recording distances and particularly 
time clearly outperforms the accuracy of paper and pencil travel surveys. Subjective assessments of distances and 
duration are highly sensitive to cognitive distortions, rounding off processes and various mental biases. 
Consequently, errors will be relatively large, particularly for short trips. Previous research (e.g., Tang & 
Timmermans4) has shown that individuals have major difficulty in re-enacting duration and therefore reporting with 
a high degree of accuracy the duration of events. Moreover, travel times show day-to-day variation. If individuals 
have cognitively attached a certain categorical value to a repeated, learned trip, their subjective assessments will not 
capture the inherent variability in travel times due to their simplified cognitive representations or to the retrieval of 
their experiences from memory, triggered by the way the question is posed. 
To demonstrate the usefulness of GPS data when a high degree of accuracy is needed, this paper reports the 
design of a study based that combined the use of GPS panel data and a prompted recall instrument, which was used 
to estimate a model of travel episode satisfaction. This model assumes that judgements/satisfaction of trip episodes 
are a function of transport mode, travel party, multitasking, activity envelope (activity conducted before and after 
the trip), socio-economic characteristics and the duration of the trip. Because judgments were obtained for a panel of 
individuals for every travel episode during a maximum of three months, it was felt critical to be able to differentiate 
between the true travel times of each travel episode. Moreover, because the disutility of the travel episode is 
conceptualised to be a negative monotonically decreasing function of duration, it was felt important to have accurate 
recordings of trip duration. In other words, both travel times and duration require a high degree of accuracy. We 
argue that for such an application, mobile technologies offer clear advantages over classic paper and pencil travel 
surveys.
The present paper is a modest sequel to our previous analyses and publications on the topic of trip satisfaction 
and multitasking, which are all part of a larger, more encompassing project on extensions of current activity-based 
models of travel demand. First, we started with a conceptual paper, articulating the benefits of travel, which also led 
to a mathematical specification of the positive utility of travel under multi-tasking (Rasouli & Timmermans5). 
Second, operationalizing this framework, Rasouli & Timmermans1 formulated and estimated a mathematical model, 
which relates judgements of travel episodes to duration, transport mode, socio-demographics, travel party, the kind 
of activity that immediately proceeds and follows the travel episode, and the extent and nature of multitasking. 
Rasouli6 elaborated this analysis by systematically comparing three alternative model specifications for representing 
the functional relationship between the disutility of travel and increasing duration of the travel episode. All these 
previous papers assumed homogeneity in the judgements of individuals. In this paper, we will challenge this 
assumption and explore how people differently perceive the effect of different attributes on their satisfaction rate.  
In particular, we will estimate a random parameter regression model as an alternative to the previously used 
conventional regression analysis with panel effects to represent the repeated measurement nature of the data. While 
assuming that the effects of socio-demographic variables are fixed, all other variables of the previously estimated 
model are assumed to be random. Rather than estimating fixed effects, the estimated effects are assumed normally 
distributed.  
In reporting the design and results of this study effort, we start with a description of the data collection and the 
role of the GPS and prompted recall data. This section provides evidence of the power of GPS devices to collect 
activity-travel information across a longer period of time. Next, we will discuss the formulation and estimation of 
the random parameters regression model, followed by a discussion of the results. In this section, special attention 
will be paid to the issue of unobserved heterogeneity. The paper is completed with conclusions and a brief 
discussion of future research. 
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2. Model of travel episode satisfaction 
The topic chosen to demonstrate the usefulness of GPS data concerns the utility of travel. Commonly, travel is 
assumed to represent a disutility that monotonically decreases as a function of distance or travel time. Moktharian7
questioned this assumption by arguing that travel may have a positive utility. It led to several publications about the 
positive utility of travel (e.g. Diana8). Rasouli and Timmermans5 argued that the possibility of multitasking might 
compensate for the disutility of travel. They developed mathematical expressions to find the duration of multitasking 
to make the utility of a travel episode positive for different forms of the utility function.  
Ettema et al. 9 argued that subjective well-being is a broader and perhaps more relevant concept than utility to 
understand travel decisions because it includes affective aspects. Recent examples of studies on well-being and trip 
satisfaction include Abou-Zeid & Ben-Akiva10, Archer, et al. 11, Diana12, Eriksson, et al. 13, Jakobsson Bergstad, et 
al. 14, and Zhang15. In contributing to these two lines of research, the model estimated assumes that travel episode 
satisfaction can be represented by the following function: 
                        (1)
where, 
is the travel episode satisfaction of travel episode i of individual n;
is the marginal utility of travel time t’;
is the marginal utility of the duration  t of activity a;
is the marginal utility of activity  a conducted immediately before travel episode i;
is the marginal utility of activity  a conducted immediately after travel episode i;
is the marginal utility of temporal aspects W pertaining to travel episode i;
is the marginal utility of transport mode T used during travel episode i;
is the marginal utility of travel party p pertaining to travel episode i;
 is the effect of the socio-demographic profile S of individual n;
A    is the set of activities conducted whilst travelling 
 is an error term.
Temporal effects include variables such as time of day and day of the week. Effect coding was used for all 
categorical data used in the model.        
In this subsequent analysis, we will explore the importance of including unobserved heterogeneity. To that 
end, a random parameter regression model was estimated. The assumption here is that parameters have a distribution 
across individuals. The general formulation of a random parameters regression model under repeated measurements 
can be expressed as follows 
ݕ௜௡ ൌ ࢞௜௡ࢼ௡ ൅ ߝ௜௡                                                                                                                                         (2) 
࢟௡ ൌ ࢄ௡ࢼ௡ ൅ ࢿ௡                                                                                                                                           (3)             
whereݕ௜௡ is the satisfaction for travel episode i of individual n; ࢞௜௡ is the 1 x K vector of indicator variables; ࢟௡ is 
the I x 1 vector of satisfaction ratings of individual n; ࢄ௡ is the I x K matrix of appropriately coded (indicator) 
variables of the explanatory variables for individual n and episodes i; ࢼ௡ is the corresponding K x 1 vector of 
parameters value of individual n, while ߝ௜௡ and ࢿ௡  are error terms. ࢼ௡  for each coded (indicator) variable is 
assumed to have a normal distribution, ࢼ௡̱ܰ൫ߚതതതതǡ ߪଶ ൯ǡsuch that: 
ࢼ௡ ൌ ࢼഥ ൅ ࢛௡                                                                                                                                               (4)              
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with  
ܧሾ࢛௡ȁࢄ௡ሿ ൌ Ͳ                                                                                                                                     (5)               
ሾ࢛௡ȁࢄ௡ሿ ൌ ડ                                                                                                                                       (6)               
By substituting  (4) in (3), we obtain. 
࢟௡ ൌ ࢄ௡ࢼ௡ ൅ ࢄ௡࢛࢔ ൅ ࢿ௡                                                                                                                        (7)                
࢟௡ ൌ ࢄ௡ࢼ௡ ൅ ࢝௡                                                                                                                                     (8)                
Because 
    
ܧሾ࢝௡ȁࢄ࢔ሿ ൌ ࢄ࢔ܧሾ࢛௡ȁࢄ௡ሿ ൅ ܧሾࢿ௡ȁࢄ࢔ሿ ൌ Ͳ                                                                                           (9)                
ሾ࢝௡ȁࢄ௡ሿ ൌ ࢄ࢔ࢣࢄ௡Ԣ ൅ ߪఌǡ௡ଶ ܫ                                                                                                             (10)                
The conditional log likelihood is then defined as:  
 ݂൫ݕ௡ଵǡǥǡݕ௡ூ೙หࢄ࢔ǡ ࢼ࢔ǡ ߪఌ൯ ൌ ς ݂ሺݕ௡௜ȁࢄ࢔࢏ǡ ࢼ࢔ǡ ߪఌሻ
ூ
௜ୀଵ                                                                   (11)                
3. GPS data and Web-based prompted recall instrument 
The data used for the analysis were collected in the context of the U4IA research program, which aimed at 
developing a dynamic model of activity-travel behaviour. To estimate this model, different methodologies were 
used. First, to understand responsiveness and adaptation to endogenous and exogenous change, interactive computer 
experiments were used. These experiments relied on the theory of experimental design. Second, to understand 
variation in short-term behaviour, GPS data were collected for a sample of 95 respondents in two regions in the 
Netherlands: Eindhoven and Rotterdam. A subset of 95 of these, who were users of pubic transport, was selected for 
the present analyses. Respondents were invited to carry the GPS device for a maximum of three months. As 
expected, there was some attrition as respondent burden was still very high. Therefore, the length of the observation 
period varied between one week and three months. Details about the data collected can be found in Feng and 
Timmermans16.
Respondents were requested to upload their GPS traces to our server at least once per week. These uploaded 
traces were then processed using the Trace Annotator system (Moiseeva et al. 17). This system uses Bayesian belief 
networks to differentiate between travel and activity episodes, and detect the transportation mode(s) used during the 
travel episodes. Detection of transportation modes is primarily based on acceleration profiles, but also on distance to 
difference types of land use, time of day and duration. The application of Trace Annotator results in imputed daily 
activity-travel diaries that record the start and end times of a sequence of activity-travel episodes and their attributes. 
To verify and if needed correct the imputed diaries, respondents were asked to examine the diaries using a Web-
based prompted recall instrument. They could delete, merge or add episodes and change one or more of their 
attributes. The current analysis is based on these corrected activity-travel schedules.   
The analysis is based on the assumption that trip satisfaction is a function of transportation mode, duration of the 
travel episode, the kind of activities that are conducted immediately before and following the travel episode, and 
temporal context. This information is thus directly imputed from the GPS traces. In addition, the model assumes that 
travel party and multitasking influence trip satisfaction. Because this information cannot be derived from the GPS 
traces directly, this information was collected as part of the prompted recall survey instrument. Judgments of travel 
episode satisfaction were also collected using the prompted recall instrument. Respondents were asked to rate their 
degree of satisfaction for each imputed travel episode on a 10 point scale, ranging from 0 (terrible) to 10 (perfect). 
Finally, it is assumed that a set of socio-economic variables influences trip satisfaction ratings. These profiles were 
collected when respondents were recruited and introduced to the study. At that stage, they provided personal and 
household background information and information about their regular activities and activity locations. 
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Table 1. Estimated coefficients fixed parameters. 
Predictor Coefficient z-value 
Constant 7.36 32.47 
Transport mode 
Bus -0.07054 -1.39 
Train .30721*** 6.35 
Tram -0.23667 
Time of day 
Morning peak -0.03846 -0.55 
Evening peak -0.01545 -0.22 
Off-peak 0.05391 
Day of week 
Monday 0.0525 0.63 
Tuesday -0.0154 -0.17 
Wednesday -0.0442 -0.64 
Thursday -0.0018 -0.02 
Friday 0.0214 0.24 
Saturday -0.0100 -0.18 
Sunday -0.0025 
Travel party 
None -.18906** -2.29 
Partner .30830*** 4.08 
Children 0.1378 1.05 
Co-workers -0.1916 -1.56 
Friends/family -0.0159 -0.18 
Others -0.0495 
Sex
Male -0.02648 -0.7 
Female 0.02648 
Age
<25 -.27952*** -3.09 
25 - < 50 0.01321 0.23 
50 - < 65 -.12098** -1.98 
65 + 0.3873 
4. Estimation results 
In estimating the model sex and temporal context was treated as fixed variables, while the remaining variables 
were treated as random variables. The loglikelihood of the model is equal to -1431.58230, while AIC= 2989.2. 
Table 1 shows the estimation results of the fixed effects. The estimated constant of the random parameters 
regression model is equal to 7.36. Sex effects are non-significant at conventional levels. Overall, the satisfaction 
ratings of men are slightly lower than those of women. As for age, the ratings of the elderly (65 years of age or 
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older) are substantially higher than the average. Respondents between 50-65 years of age and the younger age 
groups have significantly lower satisfaction ratings than the average. Moreover, Table 1 shows that the days-of-the-
week effects are not significant at the 5 per cent probability level, indicating that average satisfaction ratings are not 
strongly inlfuenced by day of the week. It is interesting to see however that satisfaction ratings are higher on 
Monday and Friday, which perhaps indicates that transitions between work and non-work days tend to be associated 
with slightly higher travel episodes judgements. The lowest average rating is found for Wednesdays.  
Trip satisfaction ratings are lower for peak than off-peak episodes, but the estimated time-of-day effects are not 
significant at conventional probability levels. Travel starting in the evening peak hours is evaluated more positively 
than travel in the morning peak. The estimated effects for travel party show that average trip satisfaction increases 
significantly when respondents travel with their partner. Satisfaction is also positive when they travel with their 
children, but that effect is not significant at the 5 per cent probability level. The other estimated effects are negative, 
but not significant, except for traveling solo. Thus, in general, trip satisfaction ratings increase when people travel 
with other people.
Table 2: Estimated coefficients random parameters 
Means for random parameters 
Scale parameters for random 
parameters 
Coefficient z-value Coefficient z-value 
Activity from
Home 0.0057 0.06 0.03062 0.92 
Paid work 0.06354 0.54 0.02658 0.86 
Non-daily shopping -0.01535 -0.08 .14721*** 4.24 
Leisure -0.11394 -0.76 .07757** 2.45 
Social 0.0227 0.17 .27611*** 7.7 
Wait, other 0.03731 
Activity to 
Home 0.0577 0.76 0.0036 0.11 
Paid work 0.0628 0.49 .11398*** 3.04 
Daily shopping 0.1866 0.87 .09093** 2.31 
Non-daily shopping 0.1492 0.92 .12506*** 3.44 
Bring get -.46911** -2.31 .39505*** 9.44 
Leisure 0.1361 1.01 .28515*** 8.03 
Social 0.1020 0.64 .21484*** 5.51 
Wait, other -0.2246 
Multitasking
Work 0.11142 0.96 .18742*** 6.27 
Work with internet .09961** 2.49 .06615** 2.32 
Reading 0.07969 1.48 .04230* 1.68 
Social 0.01156 0.15 .28813*** 9.49 
Shopping 0.17504 1.09 .23535*** 8.42 
Travelinfo -0.01239 -0.18 0.00416 0.14 
Trip duration .00929*** 9.74 .06535*** 28.11 
lnt(work+1) .21376*** 4.75 0.0307 1.04 
lnt(worki+1) -.31021*** -5.33 .12661** 2.46 
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Table 2 presents the results of the random coefficients. Coefficients were estimated assuming that the 
coefficients were normally distributed. The scale factors capture heterogeneity in the estimated means. Higher scale 
factors suggest a higher degree of heterogeneity in trip satisfaction ratings. Overall, the results portrayed in Table 2 
show evidence of a substantial degree of heterogeneity.  
The results for the random variables are of most interest in light of the positioning and contribution of this study 
to the literature. The subjective satisfaction rating for the travel episodes, on average, slightly increases with 
increasing length of the episodes, but heterogeneity in this attribute is high. Hence, this finding suggests that 
travellers’ judgment about the effect of duration on trip satisfaction varies dramatically. Average trip satisfaction 
tends to be higher when travelling by train, and lower when travelling by bus and especially by tram.   
The various multitasking activities, on average, have positive effects on satisfaction with the exception of 
obtaining travel information. Only work with internet is significantly positive at the 5 per cent probability level. All 
corresponding scale factors except the one related to receiving travel information are significant.  
Table 2 also shows that average trips satisfaction is lower if the activity preceding the travel episode has been 
non-dailing shopping or a leisure activity, suggesting that respondents may regret completing these activities, which 
may have a negative effect on the expressed satisfaction for the subsequent travel episode. Conversely, satisfaction 
is higher after work and social activities. None of these effects is, however, significant. There is also evidence of 
substantial variation, particularly for social activities, non-daily shopping and leisure activities. As for the next 
activity, trips satisfaction is higher, albeit not significant, if the trip is followed by a shopping or leisure activity, and 
significantly lower if travel is followed by a bring-get activity. The estimated scale factors are all significant at the 5 
per cent probability level, except for going home.
Finally, the effect of the log of work duration on trip satisfaction was estimated. The estimated effect of working 
using Internet (tworki) is negative, implying that its contribution to trip satisfaction is reduced relatively fast with 
increasing duration. In contrast, the estimated coefficient of the log of work duration (twork) is positive. Both effects 
are significant. Interestingly, the scale coefficient for working with Internet is significant, but it is not significant for 
working.
5. Conclusions and discussion 
As a follow-up of a study, which developed a model of travel episode satisfaction as a function of travel duration, 
trip characteristics, travel party, socio-demographic characteristics, temporal context, multitasking and activity 
envelop, this paper reports the results of a further elaboration focusing on unobserved heterogeneity. To that end, a 
random parameters regression model is estimated. Random parameters are assumed for the various explanatory 
factors, expect for socio-demographic variables and temporal context, which were held fixed. Results suggest a 
significant degree of heterogeneity, particularly in the effects of the multitasking, trip duration, and most activities 
that are conducted after the travel episode. 
The estimated model represents only one of several approaches to capture inter-respondent differences in trip 
satisfaction. Rather than estimating parameter distributions, it is possible to estimate latent classes and estimate a 
regression equation for each latent class. Future research should reveal which approach best captures differences in 
trip satisfaction. In the present analysis, the effects of socio-demographic variables are kept fixed. Another future 
analysis may examine heterogeneity in the effects of socio-demographic variables on travel episode satisfaction. 
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